Third harvest samples from a pot experiment were analysed to study the effects of sodium (Na) (0, 200 and 400 mg dm -3 of soil in a single application as Na 2 SO 4 •10H 2 O) and potassium (K) application (0, 100 and 200 mg dm -3 applied at each harvest as KCl) on the nutritive value of timothy grown on three different soil types (clay, loam and organogenic soil). The effects of fertilization on concentrations of crude protein, neutral detergent fibre (NDF) and non-structural carbohydrates, although statistically significant, were relatively minor in absolute terms. Na applications increased and K applications decreased sulphur and phosphorus concentrations, the magnitude of which was dependent on soil type. The increase in sulphur concentration can be attributed to sulphate in Na-fertilizer. The effects of fertilizers on in vitro organic matter digestibility and the potential extent of dry matter (DM) and NDF digestibility were small. Digestion kinetic parameters estimated from fermentative gas production measured using a fully automated system were used in a rumen simulation model to estimate digestibility. Total gas volume and the rate of gas production from the rapidly digestible fraction were negatively correlated with timothy S and N concentrations. Na application had no effect, but K application increased true rumen DM digestibility, the effect being most profound on organogenic soil. The results suggest that Na application does not elicit substantial positive effects on the nutritive value of timothy which has often been reported for perennial ryegrass, but K application can improve the nutritive value of timothy grown on K deficient soil.
Introduction
Diets of intensively fed ruminants are commonly supplemented with minerals in order to compensate for potential deficiencies. Increasing concentrations of certain minerals by fertilization is an alternative approach to enhance the supply of minerals from forages. A number of studies have indicated that increasing dietary concentrations of certain minerals either by fer-
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tilization or supplementing unfertilized forages directly may have different effects on forage quality (Spears 1994) . Moseley (1980) reported a higher organic matter (OM) digestibility in sheep for high rather than low sodium perennial ryegrass. The lower digestibility of low sodium grass could not be compensated for by NaCl supplementation in concentrate, but feed intake was reduced in this study. Milk yield was increased by Na fertilization but not by direct supplementation of NaCI in grazing cows (Chiy and Phillips 1991) . When cows had a choice between Nafertilized and unfertilized pasture they preferred fertilized pasture when no direct NaCl supplementation was given. Furthermore, increasing the level of Na-fertilization (NaNO 3 ) has been shown to improve dry matter (DM) and modified acid detergent fibre digestibility in sheep (Chiy et al. 1994 ). These results suggest that the nutritive value of perennial ryegrass (Lolium perenne), a natrophilic plant, could be improved by Na fertilization. Timothy (Phleum pratense) and meadow fescue (Festuca pratensis), the most important forage species grown in Finland are natrophobic, such that in these species Na cannot be substituted for potassium (K), and therefore Na concentrations are typically low. However, in a pot experiment, Peltovuori and YliHalla (1997) demonstrated that the Na concentration in timothy could be increased up to 6.9 and 5.6 g kg -1 DM on loam and organogenic soils, respectively, despite a very low marginal utilization of additional Na. These values are considerably higher than those generally reported for timothy (Kähäri and Nissinen 1978) . The objective of the present study was to investigate the effects of variation in Na content on the chemical composition and digestibility of timothy, using third harvest samples from the study of Peltovuori and Yli-Halla (1997) . Since forage quality is primarily a function of digestibility, emphasis was placed on the determination of potential DM and neutral detergent fibre (NDF) digestibility based on in situ incubation and digestion kinetics parameters estimated from fermentative gas production.
Material and methods
Samples for the study were obtained from a pot experiment of Peltovuori and Yli-Halla (1997) . The experiment was conducted as a 3 × 3 × 3 factorial design with three soil types (clay, loam and organogenic soil), three levels of sodium (Na) fertilization applied as Na 2 SO 4 • 10H 2 O (0, 200 and 400 mg dm -3 ) and three levels of potassium (K) applied as KCl (0, 100 and 200 mg dm -3 ). Sodium was applied as a single dose at the beginning of the study, whereas K and nitrogen (N) were also applied for second and third harvests. Details of fertilizer application, soil composition and nutrient applications have previously been described in detail by Peltovuori and YliHalla (1997) . For the present study, four of five replicates from the third harvest (108 samples) were used to investigate the effect of treatments on chemical composition and digestibility. Third harvest samples, cut after a 33 day regrowth, were selected because they showed the greatest variation in Na concentration.
The timothy crop was cut using scissors at a height of 2 cm. Samples were subsequently dried at 65°C and analysed for Ca, Mg, Na and K according to Peltovuori and Yli-Halla (1997) . Nitrogen (N) was analysed by a Dumas type nitrogen analyzer (LECO FP-428, USA). Sulphur (S) and phosphorus (P) were analysed by plasma emission spectrometry following digestion of ashed samples in HCl and HNO 3 (Luh Huang and Schulte 1985) . Neutral detergent fibre was analysed according to Van Soest et al. (1991) . The concentration of non-structural carbohydrates (NSC) was calculated as DM -( ash + crude protein + ether extract + NDF) (Sniffen et al. 1992) . In timothy and other temperate grasses, concentrations of pectin and starch are very low and therefore NSC is essentially comprised of water soluble carbohydrates (WSC). Ether extract concentrations were assumed to be 30 g kg -1 DM. In vitro organic matter digestibility (IVOMD) and D-value ([g digestible organic matter (DOM) per kg DM] were determined using a cellulase based method (Friedel 1990 ) from samples Vol. 9 (2000) : 105-119. grown on loam soil (36 samples). The potential extent of DM (pDMD) and NDF digestibility (pNDFD) was determined by incubating samples in the rumen of two cows fed a grass silage-concentrate diet (55:45, on a DM basis). Samples (4 g) were incubated in nylon bags (pore size 6 µm, open surface area 5%) for 288 h, washed with a household washing machine and dried at 60°C for 48 h. NDF concentration was determined following bag residue extraction with NDF solution.
The rate and extent of gas production was measured using computerized gas monitoring system. One of the four replicates (27 samples) were incubated on the same day to minimize between-day variations in rumen fluid microbial activity. The system is a modification of that described by Pell and Schofield (1993) . In the present system, pressure is released from the incubation bottle by a magnetic valve during fermentation when the pressure exceeds 28 mbar, whereas in the system of Pell and Schofield (1993) gas is accumulated in fermentation bottles. Samples (500 mg) were incubated in serum bottles (100 ml) containing 60 ml phosphate-bicarbonate buffer (Goering and Van Soest 1970) and 20 ml diluted rumen fluid (rumen fluid:buffer 2:1). Rumen fluid was taken from two heifers fed a grass silage diet. Measurements of gas production were recorded every 15 min for 72 h.
Gas curves were fitted to a dual-pool Gompertz equation.
where V = volume of gas produced at time t, V 1 and V 2 are maximum gas volumes produced from complete digestion of each pool at time t = ∞, k 1 and k 2 are rate constants called specific rates (= maximum rate/maximum volume), and λ 1 and λ 2 are integration constants equivalent to the lag term. The derived equation provided an excellent fit of experimental data (mean of mean square errors 0.42± 0.04; n = 100; R 2 > 0. 9999). Curve-fitting was carried out using the non-linear procedure of SAS (1985) using an iterative Marquardt method.
Ruminal digestibility of potentially digestible DM (RDPDM) was estimated using a mathematical modelling approach. A two-compartmental model with selective retention of particles in the rumen (Allen and Mertens 1988) was used for both fast (V 1 ) and slow (V 2 ) pools (Fig.  1) . Material disappears from the first compartment (non-escapable pool; NE-pool) either by digestion (k d ) or release (k r ) to the second compartment (escapable pool; E-pool). From the escapable pool, material disappears either by digestion or passage to the lower tract (k p ). The k r is time-dependent (Pond et al. 1988) , i.e. the probability of particles to release from the NEpool to E-pool or to escape from the system increases with rumen residence. Values of 20 and 30 h derived from cattle fed 80 g DM kg -0.75 live weight (Huhtanen and Kukkonen 1995) were used as mean retention time (MRT) for NE-and E-pools, respectively. A model with third degree of gamma time-dependency in the first compartment has generally resulted in the best fit of duodenal or faecal marker concentrations in our studies. In the model, k r is a derivative of material remaining in the NE-pool at time = t.
where λ is 3/MRT (i.e. 3/20 = 0.15) and t is time.
Rate constants of gas production from the fast and slow pool (k d1 and k d2 ) at time = t were calculated as partial derivatives of pool size divided by the remaining pool size.
where k 1 and k 2 are rate constants and λ 1 and λ 2 are lag parameters of gas production from the fast and slow pool. Similar passage kinetics parameters were assumed for fast and slow digestion pools. Simulations were made using True ruminal DM digestibility (TRDMD) was calculated as follows:
Data concerning the chemical composition and in situ disappearance of feeds were subjected to statistical analysis according to the following model:
where Na, K and S are the effects of Na, K and soil and their interactions, respectively. For gas production and modelling data, incubation run (replicate) was also included in the model, because differences in the activity of microbial inoculum resulted in significant differences between runs. The effects of Na and K fertilization were further separated into linear and quadratic effects using orthogonal polynomial contrasts.
Results
The effects of fertilization and soil type on mineral concentrations of third-cut timothy grass are shown in Table 1 . Complete data on Na, K, Ca and Mg concentrations have previously been reported (Peltovuori and Yli-Halla 1997) . With third-cut grass, increased applications of Na linearly increased (P<0.001) timothy Na concentration, the effect decreasing (interaction P<0.001) with the level of K fertilization. Increases in Na concentration were greater for timothy grown on loam (+3.7 g kg -1 DM) than organogenic (+2.3 g kg -1 ) or clay (+1.5 g kg -1 ) soils. Na application had only marginal, but statistically significant quadratic effects (P<0.01) on timothy K concentration. K concentration was markedly higher in timothy grown on clay (38.2 g kg -1 DM) than on loam (31.9 g kg -1 ) or organogenic (29.1 g kg -1 ) soils. Ca concentrations decreased with increases in both Na and K Fig. 1 . Rumen simulation model for estimation digestibility of potentially digestible DM. NE-pool = non-escapable pool, E = escapable pool, Fast = proportion of fast pool of total gas production, A refers to fast pool and B to slow pool. Rate parameters are explained in Material and methods. 
K Q S Na*K Na*S K*S Na 0.36 1.47 2.84 2.72 1.08 0.87 1.00 2.07 1.61 0.095 *** *** *** *** *** *** *** K 32.5 33.6 33.1 14.9 36.8 47.6 38.2 31.9 29.1 0.22 o ** *** *** *** ** *** Ca 9.7 8.4 7.8 10.9 7.7 7.1 7.7 9.0 9.1 0.10 *** * *** *** *** *** * *** Mg 3.85 3.83 3.76 5.46 3.37 2.61 3.27 3.98 4.19 0.040 o *** *** *** ** *** S 2.86 2.93 3.10 3.62 2.68 2.58 2.78 3.08 3.02 0.040 *** *** *** *** o *** P 3.36 3.62 3.79 3.93 3.60 3.52 3.51 4.14 3.39 0.053 * *** o *** *** *** Sulphur concentration increased linearly (P<0.001) with Na fertilization because Na was applied as sulphate, and decreased (P<0.001) with K fertilization, the effect being greater between K 0 and K 1 than between K 1 and K 2 (quadratic effect P<0.001). Grasses grown on clay contained less S than those grown on other soils. There was a significant interaction (P<0.001) between K application level and soil type in S content, the decrease being much greater on organogenic soil (-1.8 g kg -1 DM) than on loam (-0.8 g kg -1 ) or clay (-0.5 g kg -1 ) soils. Na fertilization increased (P<0.05) and K fertilization decreased (P<0.001) P concentration in timothy. The effect of K was again more profound on organogenic soil than on other soil types (interaction P<0.001).
The effects of treatments on chemical composition of timothy are shown in Table 2 . Ash concentration increased with the level of K fertilization that generally reflected increases in K content. Grass grown on mineral soils contained more ash than that grown on organogenic soil. Increasing the level of Na fertilization increased N concentration from 40.3 to 42. 0 g kg -1 DM (P<0.001), whereas K application decreased N (P Lin <0.001, P Quadr <0.01). The effect of K on N concentration was much greater on organogenic (-10.7 g kg -1 DM) than on clay (-1.8 g kg -1 ) or loam (-2.5 g kg -1 ) soils. NDF concentration increased and WSC decreased linearly (P<0.001) with the level of Na fertilization. Increasing K application increased the concentration of WSC in timothy grown on organogenic soil (+15 g kg -1 DM), but decreased that grown on clay (-39 g kg -1 ) and loam (-33 g kg -1 ) soils. Na application had no effects on kinetic parameters of in vitro gas production (Table 3) . Increasing K application increased the rate of gas production from the fast pool (linear effect P<0.01) and tended (P=0.08) to decrease lag time (P<0.05). Increasing K fertilization only decreased lag time of the fast pool for timothy grown on organogenic soil (from 1.9 to 1.0 h), whereas the effects on clay and loam were relatively small and inconsistent. The rate of gas production from the slow pool was slower (P<0.01) for timothy grown on clay than that grown on other soils. In contrast, gas production from the slow pool and total gas volume were highest for timothy grown on clay. Differences in total gas volume were much greater when no K fertilizer was applied (134, 122 and 113 ml for clay, loam and organogenic soil, respectively) than at medium (130, 124, 121 ml respectively) or high levels of K fertilization (128,120,126 ml, respectively) .
Differences between in vitro OM digestibility of timothy grown on loam were small in absolute terms, but were in many cases statistically significant (Table 4) . Na fertilization tended to improve and K fertilization to decrease in vitro OMD. Increased K fertilization clearly decreased D-value, but most of the differences can be attributed to increased ash concentrations. Differences in the potential extent of DM and NDF digestion were small, but statistically significant. As a result of the increased rate of digestion and reduced lag of the fast pool, the proportion of potentially digestible DM truly digested in the rumen increased (P<0.05) with K fertilizer application. Since pDMD marginally improved, true rumen DM digestibility increased (P<0.01) with K application. Differences in the rate of digestion of the slow pool and the greater proportion of the fast pool contributing to total gas production resulted in significant (P<0.001) differences in RDPDM and TRDMD between soil types, the values being highest with organogenic soil and lowest with clay. The effects of Na and K fertilization on TRDMD tended to vary between different soil types (Fig. 2) . On clay and loam the effects of fertilization were rather small and inconsistent, but for organogenic soil Na improved TRDMD when no K fertilization was applied and the reverse was true when K was applied.
Correlation coefficients between digestion parameters and mineral and N concentrations in herbage are shown in Table 5 . Total gas volume was negatively correlated with the concentrations of N, S, Na, Ca, Mg and P. The rate of di- Table 3 . Effect of Na and K fertilization and soil type on the kinetic parameters of timothy grass using a two-pool Compertz model. gestion of the fast pool was negatively (P<0.001) correlated with N, S, Ca and Mg and positively (P<0.001) correlated with K. Mineral concentrations had no significant relationship with the rate of gas production from the slow pool, only Na tended (P=0.07) to increase k d2 . The lag parameter of the fast pool increased (at least P<0.05) with increasing mineral (except K) and N concentrations. In situ pDMD and pNDFD were not strongly correlated with mineral con- Fig. 2 . The effects of Na and K fertilization on true rumen dry matter digestibility (TRDMD) of timothy grown on different soils. Sodium application rates: Na 0 = 0, Na 1 = 200 and Na 2 = 400 mg dm -3 of soil in one application 2 ; Potassium application rates: K 0 = 0, K 1 = 100 and K 2 = 200 mg dm -3 of soil for each three harvests.
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Tab1e 5. Correlation coefficients between chemical composition and digestion parameters (n=108). 
Discussion
The present study was designed to investigate the effects of Na and K fertilizers on nutritive value of timothy. Na was applied as sulphate and K as chloride, and therefore potential effects of anions can not be eliminated from those effects attributed to cations. Sodium sulphate fertilization increased the Na concentration of timothy considerably, despite timothy being considered to be a natrophobic species (Chiy and Phillips 1995) . Poor utilization of additional Na provided further evidence to indicate the natrophobic nature of timothy (Peltovuori and Yli-Halla 1997) . In the current study N concentration was increased by Na application as indicated by the close correlation between timothy N and Na concentrations (r = 0.71; P<0.001; n=108). In contrast, Chiy and Phillips (1993) reported that under field conditions increases in Na fertilizer reduced N concentration in perennial ryegrass, primarily due to decreases in non-protein N. They also reported improved recoveries of applied N with Na fertilization due to increased DM yield. Increasing the rate of K application decreased N concentration in timothy, especially that grown on organogenic soil. K deficiency limited growth under these circumstances leading to an accumulation of N in the plant. On organogenic soil DM yield in the third harvest without K was only 66% of that with K fertilization (Peltovuori and Yli-Halla 1997) . The mean N concentration was very high (41.0 g kg -1 DM) which can be attributed to very high levels of N fertilization (900 kg ha -1 ) and the relatively early stage of maturity at harvest (33 day regrowth period). The NPN content was not measured in the present study, but high timothy N concentrations suggest that NPN concentrations were also high, particularly in samples with increased N concentrations (organogenic soil without K application).
The effects of Na fertilization on herbage cell wall concentrations have been variable. In the present study and those of Chiy et al. (1993 Chiy et al. ( , 1994 and Chiy and Phillips (1996) , concentrations of cell wall constituents were marginally, but significantly increased with Na fertilization, whereas Chiy and Phillips (1998) and Cushnahan et al. (1996) reported no effects. Chiy et al. (1994) attributed a higher modified acid detergent fibre (MADF) concentration with Na fertilization to increased herbage growth rates enabling maturity to be attained faster. However, this suggestion is inconsistent with an improved digestibility of Na fertilized grass (Moseley 1980 , Chiy et al. 1994 ).
In the current study increasing Na application decreased WSC in grass, a finding inconsistent with that of Chiy and Phillips (1993, 1998) . Low WSC concentration in timothy grown on organogenic soil without K application may be related to a severe K deficiency and consequently reduced growth rates.
The effects of Na fertilization on herbage S content appear to depend on the type of Na fertilizer used. Increases in herbage S content were observed in the present study when sodium was applied as Na 2 SO 4 , whereas no changes (Chiy and Phillips 1993) or even a decrease (Chiy et al. 1994) were observed when Na was applied as nitrate. The high correlation between herbage Na and S concentrations (r = 0.684; P<0.001; n=108) suggest that increases in S concentrations were derived from Na fertilizer applied as Na 2 SO 4 . Sulphur applications supplied as sulphate have generally increased herbage S concentrations (Spears 1994, Chiy and Phillips 1998) . Sulphur is also prerequisite for metabolism and growth of rumen microorganisms (Durand and Komisarczuk 1988) . Increasing dietary S content by supplementation or fertilization has generally elicited positive digestibility and animal performance responses when the S content of unsupplemented diets has been low (Spears 1994) . In the present study the herbage N:S ra-
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tio of 14.3 was below 15:1, above which the likelihood of S deficiency increases (Dijkshoorn and van Wijk 1967) . In all Na × K × Soil combinations the herbage S content exceeded critical values of 2.0 g kg -1 DM for ryegrass swards (Jones et al. 1972) . However, in timothy grown on organogenic soil without K application S concentration exceeded 4 g kg -1 DM, which may have adverse effects due to a high sulphate content. The increased herbage S content in response to S fertilization can largely be accounted for by increased sulphate S (Spears et al. 1985, Chiy and Phillips 1998) . In grazing cows application of sulphur fertilizer can have adverse effects on milk yield and milk fat content (Chiy et al.1999) . In the present study the high S content in herbage grown on loam or organogenic soil without K fertilization (3.6 and 4.2 g kg -1 ) suggest that factors other than supply directly from fertilizers may also influence forage S concentration. Increasing the rate of Na-sulphite fertilization in pots without K application decreased S concentration from 4.3 to 3.9 g kg -1 on organogenic soil, whereas on loam soils corresponding fertilizer application rates increased S content from 3.2 to 4.1 g kg -1 . Severe K deficiency as indicated by a low K content in herbage (8.7 g kg -1 DM) on organogenic soil in unfertilized pots was probably associated with an excessive S uptake (4.4 g kg -1 ). In vitro OM digestibility of grass grown on loam was not markedly influenced either by Na or K application but D-value decreased with increased K application due to increased ash content. It is likely that the effect of lower D-value on feed intake is different from that generally observed with delayed harvest (Huhtanen 1993) . Consistently with the observations from the current in vitro study, only minor effects of fertilization were demonstrated on potential extent of digestion determined using in situ method. In other studies Na fertilization has improved in vivo digestibility of perennial ryegrass in sheep (Moseley 1980 , Chiy et al. 1994 ) and grazing cows (Cushnahan et al. 1996) . Similar effects also have been observed in in vitro studies (Chiy and Phillips 1991 , 1998 , Chiy et al. 1998 ).
Improved digestibility with Na application has been attributed to increased herbage WSC content (Chiy and Phillips 1993) and to increased rumen pH (Chiy et al. 1993 ). The increased proportion of live herbage mass may also explain the improvements in digestibility (Chiy and Phillips 1991) . Discrepancies between current data and published observations may result from the use of different forage species (timothy vs. perennial ryegrass). However, a considerable range in herbage Na content (0.16-7.13 g kg -1 DM) was obtained despite timothy being a natrophobic species. The concentrations of non-structural carbohydrates was not increased by Na application, an effect often observed with perennial ryegrass. In the pot experiment the effects of fertilization on live herbage mass may potentially be smaller than under field conditions masking potential effects on digestibility. If positive effects of Na fertilization were only associated with improved rumen environment, then in vitro or in situ methods are inappropriate to detect such differences. However, increased in vitro digestibility in the studies of Chiy and Phillips (1991 suggests that intrinsic characteristics of herbage are also modified by Na fertilization. Furthermore, small increases in Na supply from fertilized grass are not likely to cause such changes in rumen pH in sheep fed at maintenance level, which would improve forage digestibility. Data of Moseley (1980) and Chiy and Phillips (1991) also suggest that improvements in nutritive value of Na fertilized grass were not only related to increased Na supply, since direct Na supplementation did not improve digestibility or milk production.
There were marked differences in the total gas volume produced from timothy grown on different soil types despite having similar potential digestibility. This may result from differences in rumen fermentation pattern, since propionate production liberates less gas than acetate or butyrate (Hungate 1966) , changes in the efficiency of microbial protein synthesis (Blümmel et al. 1997) or from differences in crude protein content (Cone and van Gelder 1999) . In the present study gas production was decreased by
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4.24 ml g -1 DM per 10 g kg -1 increase in crude protein content (r = 0.57). This value is greater than 2.48 ml g -1 organic matter reported by Cone and van Gelder (1999) . In the current study, a very high level of N fertilization was used which resulted in increased timothy N content, possibly as nitrate N. Nitrogen is in a much more reduced form in proteins than in nitrate, and therefore nitrate N may decrease gas production more than protein N. Sulphur content was positively correlated with N concentrations (r = 0.95), but the relationship [S (g kg -1 ) = -4.15 + 0.173 N (g kg -1 )] suggests that increases in S were greater than requirements for protein synthesis and must be contained in the inorganic fraction, mainly as sulphate. Sulphate acts as a hydrogen acceptor in the rumen which could also explain reduced gas production from timothy grown on organogenic soil without K application. The negative correlation of some minerals (Na, Ca, Mg and P) with total gas volume is probably due to mutual correlations with N and S, rather than indicative of causative factors.
Although the rate of gas production and lag time for the fast pool (k d1 and λ 1 ) were closely correlated with mineral concentrations, the relationships between mineral concentrations and estimated digestibility of potentially digestible DM in the rumen (RDPDMD) and TRDMD were poor. Variation in k d1 had only minor effects on RDPMD and TRDMD (r = 0.16 and -0.09) because the rate of digestion was very fast in relation to passage rate, and very little material from this pool can escape fermentation. However, the rate of digestion in the slow pool (k d2 ) was highly correlated with RDPDM and TRDMD (r = 0.82 and 0.77), but was not significantly influenced by the mineral composition of timothy. The results from the rumen simulation model suggest that differences in the rate of digestion of rapidly degradable fraction have only minor effects on total digestibility, whereas the rate of digestion of the slowly digestible fraction and potential digestibility are of much greater importance. Sodium had a positive effect on TRDMD only when grass was grown on organogenic soil without K application (Fig. 2) . Under these circumstances Na could probably alleviate the deficiency of K. The proportion of live herbage mass was not measured in the present study, but it is possible that proportion of dead material was increased on K deficient soil. The increase in timothy WSC concentration grown on organogenic soil with K application tend to support this suggestion. In studies with perennial ryegrass, Na fertilization has increased the proportion of live herbage mass (Chiy and Phillips 1991, 1998) .
Estimated TRDMD was on average 838 g kg -1 . Digestibility of organic matter in early cut grass is generally 30 g kg -1 higher than DM digestibility, while faecal output of metabolic OM is approximately 90 kg -1 DM intake in sheep fed at maintenance level (Rinne et al. unpublished) . Taking these factors into account, and that digestion of material primarily not fermented in the rumen (lipids) and passage kinetics parameters were derived from a higher feeding level, OM digestibility estimated from the simulations approached 800 g kg -1 , a value consistent with that of early-cut grasses measured in vivo and in vitro OMD determined using a cellulase based method.
Conclusions
The present results showed that Na and K fertilization and soil type influence mineral concentrations in timothy. However, in relation to the amount of Na applied, changes in mineral concentrations were relatively small. Differences in the concentrations of N, NDF, NSC were also relatively small in absolute terms, but were often statistically significant. The effects of fertilization on in vitro OM digestibility and the potential extent of DM and NDF digestibility were small, and probably have only minor effects on the nutritive value of timothy in practice. Total gas volume and rate of gas production from the rapidly digestible pool were significantly correlated with mineral and N concen-Vol. 9 (2000) : 105-119. trations in timothy. Na fertilization improved estimated true rumen DM digestibility only for timothy grown on organogenic soil suffering from severe K deficiency. It appears that K deficiency has adverse effects both on herbage yield and quality. The current data from a pot experiment suggest that Na fertilization does not have positive effects on the digestibility of timothy, a natrophopic species, that have often been reported in field studies conducted with natrophilic perennial ryegrass.
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nesium-, fosfori-ja natriumpitoisuudet nousivat. Nalannoituksella ei ollut vaikutusta sulatuskinetiikan parametreihin ja estimoituun potentiaalisesti sulavan kuiva-aineen pötsisulavuuteen tai kuiva-aineen todelliseen pötsisulavuuteen, kun taas K-lannoitus lisäsi hieman nopeasti sulavan fraktion kaasutuotannon nopeutta ja todellista kuiva-aineen pötsisulavuutta. Kaliumin vaikutus oli selvin turvemaalla. Maalajien välillä oli eroja kaasuntuotannon määrässä ja potentiaalisesti sulavan kuiva-aineen ja todellisessa kuivaaineen pötsisulavuudessa, savimaan ruoho oli huonoiten ja turvemaan ruoho parhaiten sulavaa. Näiden tulosten mukaan Na-lannoituksella ei näytä olevan samanlaisia myönteistä vaikutusta timotein ravintoarvoon kuin brittiläistutkimuksissa on usein esitetty englannin raiheinällä, mutta K-lannoitus voi parantaa timotein ravintoarvoa K-puutteesta kärsivillä mailla.
